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ABSTRACT 
Ammonia-N occurs naturally and is produced by human activity. It is an important source of 
nitrogen which is needed by plants and animals. Bacteria found in the intestines can produce 
ammonia-N. In the poultry farm, ammonia-N can be found the chicken‟s manure, where in the 
high concentration of ammonia-N can cause health effect to the poultry. This is because 
ammonia-N was a strong colorless gas that can poison the respiratory system if exposed to the 
gas for a long period and in high concentration. Therefore, a solution must be studied to reduce 
the ammonia-N‟s concentration in the poultry farm. There are plenty of studies done to reduce 
the ammonia-N‟s concentration by the researchers. Soil water culture will be the best treatment 
since it is simple and the cost to do the treatment is cheaper than other treatments existed. There 
are several microorganisms that can be found in the soil mixed culture that are Nitrosomonas 
sp., Nitrobacter sp, Nitrosolobus sp., Nitrospira sp, and Nitrovibrio sp.. These microorganisms 
are important for nitrification process where ammonia-N‟s concentration will be reduced. Two 
parameters will be considered in these treatments, which are soil mixed culture to water ratio 
and the temperature during the treatment. In this study, it was aiming to optimize the 
parameters for the reduction of ammonia-N‟s concentration by using microorganism found in 
soil mixed culture. This study using optimization method, where a few combination of 
parameter were used to obtain the best process input values. For soil mixed culture, ratio of 1:4, 
1:5, 1:6, 1:7 and 1:8 were used, while for temperature, range between 25°C to 35°C were used 
in the experiment. Soil mixed culture was mixed with ammonia-N solution at the best condition 
to reduce the ammonia-N‟s concentration by using nitrification process. The mixture of 
ammonia-N and soil mixed culture were incubated for about 3 hours. The concentration of the 
mixture was measured by using spectrophotometer. Based on 13 experimental runs, the 
experiment was proceed to the validation run where temperature of 27.5°C and 32.5°C and soil 
to water ratio of 1:5 and 1:7 were used to know the experiment error to choose the best 
parameters for ammonia-N removal. The best condition for the highest ammonia-N removal 
that was 57% were at temperature of 32.5°C and soil mixed culture of ratio 1:5 with the 
experiment error of 9.195%. Since the result obtained showed that ammonia-N concentrations 
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were closed to theoretical value using RSM, this can proved that RSM analysis was a useful 
technique for optimizing the nitrification of ammonia-N. From this study, the research can be 
furthered by testing the effect of pH on the nitrification process since nitrification also effected 
by pH value of soil mixed culture. 
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ABSTRAK 
 
Ammonia-N terjadi secara semula jadi dan juga dihasilkan daripada aktiviti manusia. Ia 
adalah sumber penting di dalam nitrogen yang diperlukan oleh tumbuh-tumbuhan dan 
haiwan. Bakteria yang terdapat di dalam usus boleh menghasilkan ammonia-N. Di dalam 
industri penternakan ayam, ammonia-N boleh didapati di dalam najis ayam, di mana dalam 
kepekatan yang tinggi ammonia-N boleh mengganggu kesihatan ayam. Ini kerana ammonia-
N boleh meracuni sistem pernafasan jika terdedah terlalu lama. Oleh itu, kajian harus 
dilakukan bagi mengurangkan kepekatan ammonia-N. Terdapat banyak kajian yang telah 
dijalankan untuk mengurangkan kepekatan ammonia-N oleh para penyelidik. Air campuran 
tanah adalah rawatan yang terbaik kerana ianya mudah dan kos untuk melakukan rawatan 
tersebut jauh lebih murah berbanding rawatan lain. Terdapat beberapa mikroorganisma yang 
boleh didapati di dalam air campuran tanah tersebut iaitu Nitrosomonas sp., Nitrobacter sp, 
Nitrosolobus sp., Nitrospira sp., dan Nitrovibrio sp.. Mikroorganisma ini penting untuk 
proses penitritan dimana kepekatan ammonia-N dapat dikurangkan. Dua parameter 
digunakan dalam rawatan ini, iaitu nisbah air campuran tanah dan suhu semasa rawatan. 
Dalam kajian ini, disasarkan dengan menggunakan mikroorganisma yang terdapat di dalam 
air campuran tanah, parameter untuk pengurangan kepekatan ammonia-N dapat dioptimakan. 
Kajian ini menggunakan kaedah pengoptimuman, di mana gabungan beberapa parameter 
akan digunakan untuk mendapatkan nilai masukan proses yang terbaik. Bagi air campuran 
tanah, nisbah 1:4, 1:5, 1:6, 1:7 dan 1:8 digunakan, manakala bagi suhu, julat di antara 25°C 
hingga 35°C telah digunakan di dalam eksperimen ini. Air campuran tanah tersebut telah 
dicampurkan dengan ammonia-N di kondisi terbaik untuk mengurangkan kepekatan 
ammonia-N dengan menggunakan process nitrifikasi. Campuran ammonia-N dan air 
campuran tanah tersebut telah disimpan di dalam inkubator selama 3 jam. Kepekatan 
campuran tersebut telah diukur dengan menggunakan spektrofotometer. Berdasarkan 13 
eksperiment yang telah dijalankan, eksperimen diteruskan dengan eksperimen validasi, di 
mana suhu 27.5°C dan 32.5°C dan nisbah air campuran tanah 1:5 dan 1:7 telah digunakan 
untuk mengetahui ralat eksperimen, oleh itu, parameter terbaik untuk pengurangan ammonia-
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N dapat ditentukan. Kondisi terbaik untuk mengurangan ammonia-N paling tinggi adalah 
sebanyak 57% adalah apabila suhu 32.5°C dan nisbah air campuran tanah 1:5 dengan ralat 
eksperiment sebanyak 9.195%. Disebabkan hasil eksperimen menunjukkan kepekatan 
ammonia-N menghampiri nilai teori menggunakan RSM, ia dapat membuktikan bahawa 
analisis mengunakan RSM merupakan teknik yang berkesan untuk mengoptimumkan 
nitrifikasi ammonia-N. Berdasarkan kajian ini, penyelidikan dapat diteruskan dengan menguji 
kesan pH ke atas proses nitrifikasi. Ini kerana proses tersebut juga dipengaruhi oleh pH air 
campuran tanah. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 Motivation, Problem Statement and Brief Review 
Ammonia-N is produced by microbiological decomposition of organic nitrogen 
compounds in manure (Ritz, Fairchild & Lacy, 2004). Ammonia-N, known to have very 
pungent odor will harm the chicken‟s respiratory system and eyes. The mucous 
membranes of chicken‟s respiratory system will irritated at the high concentration of 
ammonia-N in the air inside the chicken barn. And consequently, this situation enables 
the E.coli sp. to infect the respiratory system since there is no more protection in the 
respiratory tract. At the concentration of 10 ppm that happens over several weeks will 
cause the chicken‟s respiratory tract to damage because its ability to remove bacteria 
from their lungs is interfered. This is because the cells that produce mucus along the 
respiratory tract that enable it to trap bacteria are damaged by the high concentration of 
Ammonia-N. At 100 ppm of concentration of ammonia-N will decrease shell thickness 
and egg size and may cause some mortality (Aziz & Barnes, 2010). Ammonia-N also 
can affect the environment causing eutrophication and soil acidification. Eutrophication 
can cause lack of oxygen content in the lake, where can affect fish and other aquatic 
life, while soil acidification will affect the environment if there is no treatment carried 
out ("Impacts of ammonia," 2008). Ammonia-N can also pollute environment by cause 
smog and decreased visibility. When ammonia combines with NOx and SOx emissions 
from industrial and vehicle combustion processes it forms fine particulates. These fine 
particulates which are also known as PM2.5 are a contributor to haze or smog in cites 
and haze decreased visibility in pristine areas ("Impacts of ammonia," 2008). 
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By reduce the ammonia-N‟s concentration, the productivity of poultry farm can 
be maintained, thus, increase the income for the farmers. This study also will help to 
maintain the environment from pollution that will cause another effect such as 
extinction of certain aquatic life and reduce air pollution. There are few studies done by 
the researchers to reduce the amount of ammonia-N in the environment by using 
microorganisms. One of the studies is the quantification of viable ammonia oxidizing 
bacteria (AOB) extracted from soil. This technique was used to enumerate a 
Nitrosomonas europaea population after inoculation to soil and the indigenous AOB 
populations in native and N-enriched soils (Wang et al, 2012). The second study done 
by using ammonia inhibition of microbial activity in biological wastewater treatment 
process, studied by using a dehydrogenase assay with specific inhibitor of nitrification, 
strongly correlated with the total amount of ammonia and the pH of wastewater. 
Nitrifying bacteria were more sensitive than heterotrophic bacteria when the ammonia 
concentration went over above 3000 mg l
-1
 (Lee, Jung & Chung, 2000). 
1.2 Objective 
To optimize the parameter for the reduction of ammonia-N‟s concentration by 
using microorganism found in soil mixed culture. 
1.3 Scope 
The study covers the objective, which is the scope of study, is to obtain the 
highest amount of concentration reduced by using optimization. Two parameters are 
used in the interaction between ammonia-N and soil mixed culture and also the 
limitation of the experiments. The first parameter is temperature, where it is ranged 
between 25°C to 35°C. The second parameter is the ratio of soil to water, where it is 
1:4, 1:5, 1:6, 1:7 and 1:8. At first, soil mixed culture will be prepared by using the ratio 
that is specified. Each soil mixed culture with the specified ratio will be prepared at the 
same time and will be stored in the refrigerator to stop the microorganism‟s activity. 
Ammonia-N solution is prepared by dissolving ammonium nitrate salt with deionized 
water.  
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CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1 Introduction 
Ammonia-N is the nitrate of ammonia that has the structure of white crystalline 
solid at room temperature and standard pressure. Its chemical formula is NH4NO3. 
Ammonia-N can be found in water where it is dissolved form of nitrogen inorganic 
compound and is the preferred form for algae and plant growth (Shifflett). Ammonia is 
found in water where dissolved oxygen is lacking since it is the most reduced form of 
nitrogen (Shifflett). Commonly used as chemical intermediate, Ammonia-N is also used 
as fertilizer at concentrations up to 27.5% ("GPS product safety," 2013). Not just known 
as high-nitrogen fertilizer, Ammonia-N also can be used as oxidizing agent in explosive 
devices such as ANFO
1
, a very popular explosive. It is also used as hydrating salt, 
commonly known as instant cold packs in endothermic process ("Ammonium nitrate,").  
Ammonia is anthropogenic point sources that is include  household chemicals, 
the plastics industry, textile industry, oil refineries, iron and steel mills, meat processing 
plants, and sewage treatment plants (Hugdahl, 2012).  Bacteria will quickly oxidize 
ammonia to nitrate when dissolved oxygen is readily available through nitrification 
process. Decomposition of dead plant and animal will produce ammonia by bacteria 
(Shifflett). Global nitrogen cycle played by ammonia as a key role since it is 
decomposed by nitrogen-rich organic matter (Hugdahl, 2012). High levels of ammonia 
can be toxic to life beneath the water depend on the temperature and measurement of its 
acidity of its pH (Shifflett). This is because fish and amphibians are lack of specific 
enzymes that detoxify ammonia (Hugdahl, 2012). A standard for ammonia 
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concentration at 0.019 mg/L is established by a Canadian Water Quality Guideline for 
Protection of Freshwater Aquatic Life. Ionized ammonia‟s toxicity is much less 
compared to un-ionized ammonia, therefore safer for aquatic life (Hugdahl, 2012). 
However, ammonia in drinking water is not considered toxic to human if in low 
concentration. This is because it naturally is produces in the human body, therefore 
efficiently detoxified and targeted by specific enzymes (Hugdahl, 2012). The toxicity of 
a given ammonia concentration can be increases in higher pH and temperatures. 
Pollution can be occurred when excessive aquatic production stimulated by high 
ammonia concentration. In 1990, ammonia pollution was listed as the top priority on 
Environment Canada‟s Canadian Chemical Spill Priority List where it is known as a 
very common environmental pollutant (Hugdahl, 2012). Human and animal wastes, 
fertilizers and byproducts from industrial manufacturing processes are important 
sources of ammonia to lakes and streams. To reduce ammonia concentration, a few 
techniques can be done that are filtration of runoff water from barnyards and other areas 
where animals kept in high amount, controlled fertilizing yards and proper septic 
system maintenance (Shifflett).  
ANFO
1
-AN/FO, for ammonium nitrate/fuel oil 
2.2 Effect of Ammonia-N to Environment 
In UK, the significant areas of its valuable habitats are treated by ammonia that 
is an air pollutant largely emitted from agriculture (Webb et al., 2002). Fertilizers are 
the major sources of ammonium nitrate in the environment ("GPS product safety," 
2013). Urine of cattle, pigs, sheep and other mammals that contain urea is the main 
source of ammonia (Webb et al., 2002).In streams, rivers and secondary sewage 
treatment processes, nitrification and denitrification occurred naturally ("GPS product 
safety," 2013). Ammonia gas is released during naturally occurring processes, such as 
farm livestock and other mammals excrete the breakdown of urea and birds excrete uric 
acid (Webb et al., 2002). The absence of bioaccumulation is very limited potential for 
secondary poisoning due to high water solubility and the ionic nature of the substance 
("GPS product safety," 2013).  
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When reacted with other substances in the atmosphere, ammonia is easily 
forming ammonium (NH
4+
) compounds such as ammonium sulphate and ammonium 
nitrate. Ammonia can effect natural ecosystem by deposited to land either as 
ammonium-N compound in rainfall or as a gas (Webb et al., 2002). Acidification and 
nitrogen enrichment of ammonia may damage sensitive habitats. Over the last 50 years, 
increasing of N input to livestock farming has increase ammonia emission. Wildlife 
habitats have been greatly reduced over recent years because of the emissions of other 
air pollutants such as sulphur dioxide (Webb et al., 2002).  
Ammonia contains nitrogen, that is this deposition from the atmosphere onto 
soils and plants may damage plant communities. Removal of ammonium formed from 
combination of ammonia and others chemical, is from the atmosphere by rain while 
ammonia itself will be absorbed by land surfaces such as soil and water (Webb et al., 
2002). This is because nutrient-poor habitats have been evolved by increasing amount 
of nitrogen in the soil. Although this extra nitrogen is beneficial to for growth of plants, 
this enrichment of nitrogen will cause phenomena called eutrophication (Webb et al., 
2002). Eutrophication will cause the existing species that not able to cope with extra 
nitrogen to be replace by fast growing grass species that is undesirable growth. For 
example, in UK, it has being concerned since eutrophication occurred on many valuable 
conservation areas (Webb et al., 2002). 
Furthermore, Ammonia will also cause soil to become acidic. This is because 
the ammonia is oxidized to nitrate once deposited on soil. The acidification can be 
neutralizing by soil, but when the increasing amount of acid deposited is too high, the 
soil will not be able to cope with it. Pain & Jarvis (1999) claimed that increase in soil 
acidity can result from nitrification to nitrates. This affects the solubility of both 
essential and toxic elements which can be particularly damaging to woodlands on 
weakly buffered soils.  
Fish and other aquatic life may be poisoned when toxic elements leached into 
surface water. Acidified lakes and streams in many upland areas of UK are the most 
obvious examples of acidification. Most of ammonia deposition close to where it was 
emitted since ammonia is a very reactive gas (Webb et al., 2002).  However, ammonia 
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can also be deposited as a rainfall at long distance if it reached higher levels in the 
atmosphere and being blown away. Combination of ammonia, nitrogen and sulphur will 
form particles containing ammonium-N that can travel for hundreds miles. This will 
cause others country emission to affect other country (Webb et al., 2002). The most 
toxic form of the ammonium ion is when it is in the un-ionized form ("Ammonia,"). 
There are a few physico-chemical parameters that caused by toxicity of ammonia to 
aquatic life, that are pH, dissolved oxygen, temperature and salinity. When the high 
temperature and pH, and lower levels of dissolved oxygen and oxygen salinity, it will 
cause greater ammonia toxicity ("Ammonia,”). When there are low dissolved oxygen 
concentrations, acute toxicity if ammonia is increases ("Ammonia,"). At low dissolved 
oxygen concentration toxicity of ammonia to fish increases ("Ammonia,” ).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
Volatilization are the process where ammonia moves from an area of high 
concentration such as urine in form of liquid to an area of lower concentration that is 
atmosphere in form of gas (Webb et al., 2002). The major sources of ammonia emission 
are the livestock manures. The emission of ammonia depends in the surface area 
covered with urine or manure, therefore, will cause the emission are large from floors of 
livestock houses and after manure has been spread. Actually, since animals were first 
domesticated, ammonia emission from mammal manure and urine is a natural process. 
The use of nitrogen in fertilizers for grassland and in animal feeds has greatly increased 
since increases of livestock production. Greater emissions of ammonia and nitrogen in 
dung and urine increases caused by inefficient nitrogen conversion in the livestock 
diet‟s milk and meat. Most type of nitrogen fertilizers produced ammonia emission, but 
urea based fertilizers produce the greatest emissions (Webb et al., 2002). 80% of 
ammonia emissions in the UK come from agriculture particularly manure management. 
This huge amount not only represents the effect of wider environment but also represent 
an inefficient usage of nitrogen as a fertilizer (Webb et al., 2002). Meisinger & Jokela 
(2000) claimed that ammonia volatilization occurs because ammonium-N in manure or 
solution is converted to dissolve ammonia gas, by the reaction: 
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Ammonia also affects the life of invertebrates due to its toxicity. There are a few 
studies done to investigate the effects of ammonia on invertebrates. Allan et al (1990) 
stated that 96 hour LC50s for juvenile school prawns Metapenaeus macleayi and leader 
prawns Penaeus monodon to be 1.39 and 1.69 mg un-ionized ammonia NH3-N/l (26.3 
mg and 37.4 mg total ammonia-N/l respectively) ("Ammonia," ). As salinity decreases, 
toxicity of ammonia appears to increases as stated by Miller et al (1990) and Chen and 
Lin (1991). Ammonia toxicity is indicated by several studies is greatest to early stages 
of invertebrates ("Ammonia," ). Malet et al (1992) stated that the majority of 
ammonium toxicity data relates to fish, although most of the species tested is freshwater 
species, with many coarse fish appearing to be as sensitive to ammonia as salmons. 
Eddy and Twitchen (1990) suggested that high environmental sodium concentrations 
can decrease toxicity to fish ("Ammonia," ). Seager et al (1998) and Miller et al (1990) 
states that ammonium toxicity appears to be less at lower salinity levels for fish, and 
will gradually decreasing until it reaches a point similar to that found in freshwaters 
2.3 Nitrification 
The process by which ammonia is converted to nitrites (NO2-) and then nitrates 
(NO3-) is known as nitrification. This process is carried out by specialized bacteria, 
where it naturally occurs in the environment. Nitrification in soils and other matrices is 
initiated by ammonia-oxidizing bacteria where the chemolithotroph Nitrosomonas 
europaea is the most extensively studied. Conversion of ammonia to nitrite is aided 
with two enzymes that are ammonia monooxygenase (AMO), which oxidizes ammonia 
to hydroxylamine in a reductant-dependent reaction, and hydroxylamine 
oxidoreductase, which oxidizes hydroxylamine to nitrite with the release of four 
electrons. To provide reductant for subsequent oxidations, two electrons are returned to 
AMO while the remaining reductant needs of the cell are fulfilled by the other two 
electrons (Hommes, Russell, Bottomley & Arp, 1998). The context of nitrogen cycling 
in terrestrial ecosystems is already study about nitrification in soils. Nitrification rates 
are affected by a number of physical and chemical factors. Oxygen, O2 is typically 
required for nitrification, and soil conditions which limit O2 availability will inhibit 
nitrification. Hommes et al. (1998) claimed that ammonia oxidation is most rapid in 
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neutral to alkaline soils and rates are inhibited under acidic conditions where the NH
4+
-
NH3 equilibrium is driven toward NH
4+
 and the availability of NH3 becomes limiting. 
NH3 and not NH
4+
 are the substrate for AMO.  
The most common cause of fish mortality in aquariums is an imbalance in the 
nitrogen cycle. Degradation of nitrogen-containing organic matter such as fish waste 
and uneaten food will produce ammonia rapidly in aquariums. To eliminate ammonia, 
healthy, established aquariums contain at least two bacterial strains that work together 
in a 2-step process known as nitrification. Hugdahl (2012) stated that Nitrosomonas 
bacteria first oxidize ammonia into nitrite (NO2), which is also highly toxic to fish. In 
the 2nd step, Nitrobacter bacteria convert nitrite into nitrate (NO3-), which is tolerated 
by fish at much higher levels. In newly aquariums that don‟t have established colonies 
of these two necessary bacterial strains will usually build up toxic levels of ammonia 
quickly (Hugdahl, 2012).  
Nitrification is about reduction forms of N which is chiefly an ammonium are 
converted into nitrites or nitrates in soil and available data on physiology, biochemistry, 
classification, and energy expenditure of the nitrifying bacteria are summarized 
("Nitrification," ). The relative contribution of autotrophs and heterotrophs is impossible 
to gauge to overall nitrification in soil. Autotrophs appear to be 2-10 times more active 
in laboratory while heterotrophs capable of oxidizing ammonia. it is possible that the 
apparently greater nitrifying efficiency of Nitrosomonas and Nitrobacter that are 
autotrophs merely reflects failure to discover an optimal medium for the activity of the 
heterotrophs Actinomyces flavus and A. wentii ("Nitrification," ). 
Nitrification process is exothermic and the reduction of CO2 to carbohydrates 
uses a portion of the energy of the nitrification reactions ("The nitrifying organisms,"). 
Only about 7% of the energy of nitrification for carbohydrate formation is used, where 
nitrifies are not very efficient at this conversion. Ammonia or nitrites must be oxidized 
extensively in order to grow, and aeration is forced in the laboratory in order to get 
good growth of the bacteria. The oxidation of NH3 to NO3 is via obvious path that is 
NH2OH and H2N2O2. Since NH2OH is not oxidized by nitrosomonas bacteria, this does 
not seem to be followed in the first step and is fairly toxic to them even in very low 
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concentrations. Utilizing a carboxylic acid combining with NH3 to form an amide and 
then a hydroxamic acid, R.CO.NHOH, the formation of the necessary hyponitrous acid 
can be explained if it is assumed as cycle. If they are antagonists to the true hydroxamic 
acid taking part in the nitrification reaction, compounds having structures similar to 
hydroxamic acid are toxic to nitrification ("The nitrifying organisms,").  
There are few factor that will affect nitrification, that are temperature, pH, 
dissolved oxygen, conductivity, salinity, sediment ash-free dry mass (AFDM), specific 
ultraviolet absorbance (SUVA), stream water NH4
+
 concentration, DOC concentration, 
redox potential, soluble reactive phosphorus concentration (SRP), and total extractable 
NH4
+
 (Strauss, Mitchell & Lamberti, 2002). 
2.3.1 Temperature  
Sommer et al (1991) claimed that when the temperature increases, the rate of 
ammonia volatilization increases with greater effect observed in the first several hours 
after application (Meisinger & Jokela, 2000). By decreasing the solubility of NH3 gas, 
the higher temperature increase ammonia losses in the soil solution and by increasing 
the proportion of TAN as NH3 gas. Higher temperature should cause ammonia losses to 
increase by a factor of about 3 for every 18°F (10°C) rise in temperature as predicted in 
physical chemistry. As an example, a slurry contain 1500 mg NH4-N/1 at pH 7.8 would 
support equilibrium gaseous ammonia pressure of about 7, 23, and 69 mbar at 
temperatures of 50, 68 and 86°F (10, 20, and 30°C, respectively (Meisinger & Jokela, 
2000). Beauchamp et al (1982), Harper et al (1983), Nathan & Malzer (1994), Sommer 
& Olesen (1991) also claimed that temperature effects on ammonia loss but all the 
temperature effects have been less dominant than theory would suggest. This is because 
the ammonia concentrations are seldom at equilibrium and because losses are also 
influenced by gaseous transport factors. Near-freezing temperatures do not stop 
ammonia losses (Meisinger & Jokela, 2000). Losses near freezing can occur because a 
lower, but still substantial rate of volatilization contuse for a longer perios of time at 
claimed by Sommer et al (1991) and because freezing can have the same NH4-N/1 
concentrating effect as drying stated by Midgely & Weiser (1937) and Lauer et al 
(1976) (Meisinger & Jokela, 2000). 
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2.3.2 pH 
Strauss, Mitchell & Lamberti (2002) claimed that pH has received considerable 
attention in soils, pure culture and wastewater treatment. For example, it is reported 
increased nitrification through a pH gradient of 4.2–6.2 in a spruce-forest soil 
(Paavolainen and Smolander, 1998). The optimum pH for nitrification was 
approximately 7.8 over a range of 6.4–8.2 in wastewater treatment sludge (Antoniou et 
al. 1990). Watson et al. (1989) recommend NH4 +-oxidizing bacteria in media pH of 
7.5–7.8 for culturing pure strains. Strauss et al. (2002) also observed an optimum pH of 
7.5 consistent with previous studies, thus create positive relationship between pH (up to 
7.5) and nitrification and is related to the increasing availability of NH3, which is 
believed to be the true substrate for oxidation as said by Suzuki et al. (1974). The 
relative NH3 concentration increases as pH increases, by nearly a full order of 
magnitude for each pH unit (Emerson et al. 1975). The advantages of increased 
availability of free NH3 may be counterbalanced by the energy required to maintain the 
cytoplasmic pH below that of the external environment at above the optimum pH for 
nitrification (Wood 1988). In the other hand, enzyme activity is negatively affected 
when pH falls below the optimum, cause nitrification reducing (Prosser 1989). Strauss 
et al. (2002) claimed that in the 36 streams they surveyed, nitrification rates were low at 
low pH, but variable at higher pH. This shows that nitrification is enhanced at 
circumneutral pH values but inhibited at low pH.  
2.3.3 Dissolved Oxygen (DO) 
Hocaoglu, Insel, Cokgor & Orhon (2010) studies shows that a fully aerobic 
membrane bioreactor was run at a sludge age of 60 days fewer than three low dissolved 
oxygen (DO) levels below 0.5 mg/L, where effective simultaneous 
nitrification/denitrification is sustained for the entire observation time. They also 
claimed the adverse effects of a number of factors such as low DO level, alkalinity 
limitation will cause incomplete nitrification. Within the DO range of 0.15–0.35 mg/L, 
nitrogen removal remained optimal (Hocaoglu et al., 2010). The extent of simultaneous 
nitrification and denitrification in MBR operation with different MLSS levels is 
regulated in dissolved oxygen level that acts as the main diffusion control parameter. In 
